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CR0B8 aECTWB FOB KIKTROII KXCllATIOI! » MS Wlk-l (0,0) BAUD 

CT TIC iC FUST HEOATIVE SY8SM 

RaduB F. Holünd 

K 

i- 

\ ABSTRACT 

^ 
Aa part of • ■tudy of tin emlBSion fron nltrogan «xelttd by an elec- 

tron beam, croaa eeotlon* for electron excitation of the 59JÄ-A (0,0) 

band of the J^flrBt nsgitlvB system vere measured for electron energies 

of 95 to 2025 eV.    Because published values for these cross sectiona dif- 

fer by factora of two to three,*'9'6 an effort vas mate to establish the 

accuracy of -'.be measurenmnts.    391^-^ band Jrtenslty Ms moasured with 

two Independently calibrated pbotcneters and a «canning spectrometer,   A 

comparison of equipasnt and Joint dbservations nere made with experiment- 

ers from two othor laboraiwlea.   Tim cross section efctaijed for the 

59lA-^ band at 95 eV la 1.5 x lö"1*«»*:. and that at 2063 «V la 3.1 * 
10'19 ae?.   By a simple calculation, one can derive a corresponding ef- 

ficient of lf»5^ 10"s for the production <rf the 391'^ band by electrons 

in air.    Sie excitation cross seetioaa are in reasonablB agreement with 

other recent meaaureaents,8"8 but are higher than son« values reported 

ear3JBr.•',   a» calculated efficiency la IB fair agroenmnt with the re- 

suits of laboratory efficiency Deasurenenta.*0'** 

mrrRCKKTioN 

A prorinent feature of the emission spectrun of 

air or nitrogen ionized by electrons is the 391^-A 

(0,0) band of the K» first negative system.   The 
prdbability of exciting this band by electrons is of 

interest in the study of aurora« and related atmos- 
pheric phenamsne and, in this laboratory, as part of 

the eeneral prdblem of describing the excitation of 

air by photoslectrons produced by therwil x rays 

from nuclear explosions..    It» excitation prctoablli- 
ty of the 3914.1 band "ba* specific Importance, as 
well, sinse observation of this band is the basis 

of the U» Alamos air fluorescence system for de. 

tecting nuclear events.1 

Electron excitation cross sections for the 

3914-A band wre firct determined by Stewart," and 
aubaequent msaeursmsnta include those of Sheridan, 

Oldedberg, and Carleton;3 Ifcyakawa and Rishlmura;4 

Davidson and O'Heil;5 HcConkey and latlmer;6 Srlvu. 

tava and Mlrsai7 and MeConksy, Woolsey, and Burns.6 

The observations of Sheridan, OldeAerg, ind 

Carlaton3 covered a wide electron energy Knge 

(about 2? eV to 26 kaV).   Their results showed good 
agreement with Stewart,8 Bqrakawa and Nishlmur«,* 



•nA navldaoa and O'Nell' In their ccanon «nergy 

ncgst.    The cross sections of McConKey and Utl. 
»erf

a hcw«v«r, vere ■ factor of 2 to 3 higher than 
those of Stewart3 and Sheridan et al.,3 lr the same 

energy range. 

üic difference betv<ee» the results of McConKey 
and Utlner and those reported earlier has been the 
subject of son» discussion In the literature.   Based 

In part on the cross sections of McConkey and lati- 

ioerj0 Dalgsmo, Utlaer, aid McConkey9 eatlnsted an 

efficiency of ».O X 10"3 Tor the production of 

^l^-A hand erergy by energetic electrons in air, 

in fair agre'/nent with the efficiency of 3.3 x 10'3 

measured for 750-eV electrons by Itortaan and Hoer- 

lln. ior 

CcaoBOtlng on the note of Eelgarao et al., Da- 

vidson18 directed attention to the good agreement of 
the earlier cross-section measurements.z's   He 

pointed out that the data cf McConkey and lAtlner 

were taten with an Indirectly calibrated system, 
while the earlier workers used standard lamp (photo- 
metric) calibrations. 

McConkey, Wooloey, and Bur- ..>
e to check the va- 

lidity of the technique used by McConkey and Uti- 
mer, nave measured 391iuA cross sections using a 

standard laap calibration.    Tbey cibtaln cross sec- 

tions in good agreement with those of McConkey and 
Xatlrsr.   Support for the "high" values is also 

provided by the recent nsasurements of Srivastava 

and Mlrza.7 

In this lAboratory, experiments have been in 

progress to measure the vacuum ultraviolet emission 

fron nitrogen excited by an electron beam.    Concur- 

rent with these measurements, thn intensity of light 

emitted in the 391't-A band was measured, and excita- 

tion cross sections were determined for electrons 
with energies of 99 to 2023 eV.    Initial values 

agreed very closely with the results of McConkey 

and I*tlBBr.e   Because cf the Interest in a precise 

determination cf the 391'*-A band cross sections, an 

effort was nsde to reduce the probability cf error, 

partloulsrly that vblch might arise In the photo- 

metric calibrations.    Multiple dbservatlons «ere 

*lfertBanu fau recently repeated this measurement, 
dbtalning an efficiency of }.h x 10'3. 

mude with two photcneters and a scanning spectrome- 

ter, calibrated independently for absolut» sensl- 
tivily.   fbe proportionality of light output to 

beam current and nitrogen pressure was checked for 

seme electron energies.    The intensities of the 1^ 
first negstiw (0,0),  (ü,l),  (0,2), and (0,3) bands 

were cempsred. 

A cross check of pressure gauges and photanet- 

ric standards was perrc-med with R. O'Neil of Amer 

can Science end Engineering (AS£) and N. P. Carleton 

cf the Smithsonian Astrophysical Observatory. Joint 

observations with O'WBU of the 5911t-X cross section 

wero made at one electron energy, using our electron 

bear, source. 

übe experimental arrangements, calibration 

techniques, and results of these measurements are 

deserts d below. 

EXmmGK&L FHOCEDURE 

General 

The experimental procedure was straightforward. 

A beam of electron» was directed across a chamber 

through which nitrogen was f lowirg, aad collected on 

the opposite side.    Light emitted passed through a 

tyrex window, and Its intensity was measured with a 

photometer or scanning spectrometer.   Fran the in- 

tensity of emission, beam current, and gas denaity, 
cross sections for electron excitation were deter- 

minsd. 

Apparatus 

Ihe fan and collision chanbers and the IJlk-k 

photaneter are shown in Fig. 1, as viewed fron the 
top.    The chamber Is a 12-in. cube,    Wrtheson pre- 

purlfled Ife gas, specification 99.996^ pure, was 

admitted through a needle valve at the top.    ^he gas 

inlet was baffled by a l-in.-diam plate, l/k in. 

from the opening.    Pressure was regulated by the 

inlet valve and a U-in.-dlam exhaust valve at the 

bottom of the chamber.    The opening to the exhaust 

valve wat baffled by a 10-in,-square plate, to aid 

Jn producing a uniform gas density.   Gun and colli- 

sion chambers were each equipped with a 720 liter/sec 

dlffuslcn pump, trapped with liquid nitrogen.    low- 
est pressure ctotained with no gu flowing in was 



»bout 2 x lO"7 Otorr.    During masurfnwQts ttos gut 

flow rate VM of the order of 0,05 Torr - liter/sec. 
The pressure In the chamber vas monitored with an 

lonizatlon gauge and nwasuzed with a Mcleod gauge, 

both with apertures at the top of the ehaniber. 

fÄRHO«»   CU^-i 

=iJT 1- 

/ 

n 

•IAS   ELECTRODE 

COLLECTOR   Cur 

-PTREX   WINDOW 

-3(14 i, PHOTOMETER 

-»LTER 

■ RMOTO MULTIPLIER 

Fig. 1.    Collision choisber. 

The electron beam was {reduced by a trlode gun 

and focused by an electrostatic leno, to pass 

through a first aperture of 3/l&-ln. dim and a 
second of l/8-in. dlam into the chamber.   After 

traversing the chamber, the beam passed through a 

l/S-ln. hole In a grounded plate and through a j/U- 
In. hole Into a coUector cup, 6 In. deep,    lb aid 

In coliectlo:   of electrons, the collector cup was 

namaUy held at 5 to 7 V positive, and at the back 

had a plate biased at + 45 V.    Ibe beam current waj 

measured at the collector and at an aioclllary cup 

which could be swung in front of the gun port. 

Collision ehaniber, gun, tad collection assem- 

blies were made of nomagnetic mterlals.   The local 

magnetic field was Initially about 0.6 0, and ap. 

pjrcDclmateJy perpendicular to the beam.    Two l»-ft- 

dlan colls were placed with planes at right angles 

to each other Intersecting on the bean axis.   Ad- 

Justlng the current in these coils reduced the na«- 

netic fields in the collision clmuber to < 0.1 0. 

so that the beam traversed the chamber without no- 

ticeable bending. 

Tt« photometer colllmator was a cylindrical 

tube with two -ectaagular apertures defining the 

tietiA of view.    Ih the first collliaitar used, the 

front aperture was l/8 In. square, the back l/8 in. 

square.    11» two were 12 In. apart.    Mounted behind 

the back aperture wat a 3914-.1 Interference filter 

and an EMI 6097S pbotomultlpller.   A second photom- 

eter used was very elallar to the one described. 

S» spectrometer was a helf-neter Jarrell-Ash 

Ebert scanning monochrcnator, with 600 I/mm grating 

blazed for 7500 JL.    An EMI 6O97S pbotODultipller was 

mounted at the "tit slit. 

For both the speotroaeter and photaneter. tvbe 

currentri were measured with a Kelthly 610 electrom- 

eter. 

Observational Arrangenents 

Ihe photometer was placed with its axis perwn» 

dlcular to the beam, and with two sides of eacl 

aperture paraMel to the beam.    Tbe rectangular cone 

viewed oy the photaneter was about 1 in. wide at the 
beam.    "Hie cone extended Into a recess at the oppo- 

site side of the ehaniber which was provided for 

attachment of a vacuum ultraviolet spectrometer, but 
which was terminated by a black plate during cross- 
section measurements. 

In the measurements made with the Ebei . spec- 

trometer, the light emerging through the Fyrex win- 

dow was focused on the entrance slit of the spec- 

tranettr by a 6-in. spherical mirror with 1-m radius 

of curvature.   Distance from beam to mirror was 78.5 

in., and that from mirror to spectrometer 26.5 In. 
The angle between Incident and reflected beam was 

about J? .    The Image of the beam was perpendicular 
to the entrance silt. 

Photometer Calibrations 

TVo methods were '«ed to calibrate photomuxtl- 
pllers for the 391'*-i photometer. 



In the first inethod,    the tube scueitlvity vas 

deiermlned by cCBparlng Its response to monochronaU 

1c light wiu   l>«t of a thermopile which had been 

calibrated vlth an WS total Irradlance standard. 

The ccaipariaon was indirect.    Light frcm a I^rkln- 

Elmer double mcnochraaator was passed through a 

glass plate set at 1*5° to the axis and focused on 

the thermopile.    The light diverted by the plate 

struck a frosted glass window behind which was a 

1F28 photomultlpller.    The ratio of IKS signal to 

power measured by the thermopile was determined. 

The intensity was reduced, and the thermop.le re- 

placed by the tube to be calibrated.    Die sensitivi- 

ty of the tube is the ratio of its current to the 

learn power as determined frcm the 1K?6 uignal.    3« 

sensmvlty at 591'» k obtained with the tube used la 
photometer Ho. 1, EMI 6097s #23073, was l.Jl x 103 

A/W at 750 V. 

In the second method,  the assembled photometer, 

i.e., the photcmultlpller and interference filter 
mounted in '«.he colllnator tube, was exposed to fil- 

tered light froci an NBS spectral irradiance stand- 

ard.    The external filters were a neutral density 

filter to reduce Intensity, and a Corning 5113 fil- 

ter to block the red leak of the interference fil- 

tor. 

Fran the output signal, filter transmission 

curves, and lamp characteristics, the tube sensitlv- 

ty at 391'» A was determined,    yoi the tube used In 

^hotonater No. 2, SMI 60975 #l671»7, the sensitivity 

at 391^ ?■ •> determined by the first method was 

420 A/w, aid that determined by the sucocti method, 

590 A^, at 750 V.    "Or. mean, 405 A/w, wac used in 

data reduction. 

To cosplete th: photcmeter calibration, the ef- 

fective transmission of the Interference filter for 

the ?9l4-i bend, T     , was calculated fron the fil- 

ter tranamission and a band contour calculated as- 

suming i> rotational temperature of 298' K.    The two 
3914-1 filters used were nearly identical     Each has 

«This measureinent was performed by Walter Oould of 
this laboratory. 

"During croas-sectlon observations, a Corning 5369 
filter which cuts off wavolengths below 4000 A was 
used to check for a red contribution to the sig- 
nal.    None MS observed. 

a peak transmission of about, 0.«    at 3913 A, and a 

half-width of ~ 14 Jl.    For each, T^. - 0.313. 

Transmissions of all filters were measured vlth a 
Gary Model 14 spectrcraeter.    The inaxlmun divergence 

of tlie light from the axis of the speetrcneter beam 

was estimated at 2.5". 

Spectrometer Calibratlcn 

For the calibration of tte Ebert spectrometer, 

the ribuon .'llamen* it a standard Jamp was placed, 

relative to the spectrometer and mirror, at the same 

position occupied by the electron beam in the croes- 

scctlon measurements.    Entrance and exit slits wen? 
100 u wide, and were masked to heights of ~ 2 and 4 

mm,  respectively.    The Inoge of tie filABent filled 

the entrance aperture.    The current from the photo- 
multiplier tube was recorded while the spectrcraeter 
was scanned from 3000 to 12,000 i.    The first and 

second orders appeared as two overlapping "tnmpe," 
peaking at ~ 5000 k in the first order and ~ 4000 k 

lr the lecond.   Four runs were made, using tw^ 
standard lamps. 

For the first two scans, NBS brightness temper- 

ature standard lamp No. G-2^155a was operated at 

brightness temperatures of Z?.0<f and 26OCP K.    The 

spectral radiance for the two temperatures had been 

calculated using the tungsten emlssivity data cf 

de Vos13 and taking into account the quartz window 

of the lAf.,i. 

Two scans were ude with lamp Ho. U-lll, an NBS 

spectral radiance standard, operated at 35.0 A 

(~ 226cf K brightness).    During one run, a Corning 

33^ filter was inserted to cut off light bolow 

4000 A,    A canparison of results obtained with and 

without filter indicated that the contribution to 

th; signal in the range 3''30 to 4000 k from scat- 
tered light with wavelength gre- ter than 4000 Jl was 

negligible.   Also,  in the second order above 3750 k, 

the first-order contribution to the signal could be 
neglected. 

The spectrometer sensitivity, expressed as the 

ratio of photcmultlplier signal i.   (A) to the prod • 

uct of lamp radiance R   (W cm"2 ster"1 JL"1) and the 

entrance slit height h   (cm),  ir shown in Fig. 2. 

The two runs with lamp 0-2515Ü. had a maximum spread 

of 6^» and an average spread a." 2^.    Their mean is 



tb» solid lins in ths figure« Tim \>lmek dot« rtjn> 

sent the value« dbtalned with Dap V-UX, dataraiiwd 

•t tne SBS calibration pol.tta. 

Pressure MeaBUfemsnt 

Pressure In tb: collision cimatir.r M* Matured 

with a Ccnaolldated Vacwa Corporation OM-llO McLeod 

gsuge, trapped vlth dry Ice.    PrdblnM arising with 

such a system have been revleMd by Oarr,14 

Ihe conventional «ay at operating the omge My 

produce wrong pressure readings If the svtrface char- 
acteristlca of the jpen and cloaod capillaries are 

different.    In the method used, the open capillary 

MS Ignored, and the level of the mercury In the 

large, open side am was uaed for reference.    Ths 
capillary depression was measured at low pressure, 

as a function of the mercury level. In the closed 

capillary.    In each preasun» oeaaurenent, the can- 
pression MB varied to f-oduce several pressure 

readings, as in the method of Podgurski and Davis.18 

The readings at each pressure usually agreed within 

lureMnta in the range 0.0$ to 

> 

5> 
u 
to 

o 

LAMP S-lSISta 

•       •        LAMP  U-lll 

 I  
4000 »000 »000 

WAVELENGTH   (A) 

Fig. i.   Spectral senaitlvlty of the Kbert monoehro- 
Mtor with EMI 6097B pbotoBultlpUer oper- 
ated at 730 V.   Slit -Idths, ICWii. 

2 %r. }% tor 

3.0^ m. 

At ths loMr end of ths range, appreciable 

error can be caused by tb» diffusion of mercury froa 

gKuoe to cold trap.14   To reduce the vapor pr«s«ure 

and Mke this error negligible, the Mcleod gauge MS 

operated at 0° C.    Thla Mda necessary • themal 

tMMplratlon correction of (298/275)1/8 - LO^S to 

the BMSured pressure,. 

Bea»»Cvrrent MeasureHent 

At the pressure (" 0.5 ^) of the energy-depend- 

ence ■Nsureih.ntc, beam currents measured at the ep- 

tranee and exit colleetore agreet within 1 to Zi> for 

electron energy above 200 eV.   The entrance collec- 

tor current was noratlly about 6 to 6)1 higher for 

200-eV and 10 to 12% higher for 100-eV electvot* at 

this pressure.   This must, in part, 1-ave been due to 
scattering out of the boas in the long (JO-cm) path. 

At low pretaure, - 0.13 H, the agreewnts at 100 eV 

and 200 eV were ~ 5^ and -• 3%, respectively.   Since 

the entrance and exit collector currents represent 

the Mzlmn and mialBMn nrutaber of electrons crossing 

the dsteetrr field of view, the nesn of \,im two cur- 

rent readings always via used in the calculations. 

Blactron Energy 

Tha electron energy was assumed to be equal to 

the aceelertting voltage, measured between the cham- 
ber and the gun filament leads.   A crude retarding 

potential aoalysla Mde at low pressure, with 20 

i/iA screens over the apertures of the collector cup 

and shielding plate, indicated energy spreads of 3, 
k,  5, and 10 aV for accelerating voltages of 95, 

599, 70l», and 1008 V, respectively.   At the pres- 
sures of the croas-sectioa measurements,  there is 
acne electron energy loss by collision».    The energy 

loss la not expected to change the light output 

signiflMntly.    The cnlliBlons nay remove clectrone 

from the field of view, as indicated above. 

0B3ERVATI0I6 AKD RESULTS 

Hiotcmeter M»Mure»nta 

For the dbservatlona  .1th the photcnetan, the 

cross section Q (ca8) fa   exciting the 591^-A band 



!■ given by 

1  UTT  R« 

EE.   MAT    T „ S, X w   eff   X 

where 

1 ■ photonmltlpller «node ciu.cnt (A) 

R ■ dlBtance frun been to back aperture (aO 

I • beam -.^retit vA) 

N • NÄ nvinber density (an'3) 

E   ■ energy of the photons S 3.17 eV 

AX ■ length at beam "sten" by a foint on the 
back aperture (an) 

A ■ area of the back aperture (üIJ8) 

T   ■ lyrex wlndoti tranemisBion « 0.96 

T -    ■ effective transrolBSion of the interference 
er       filter for the Wl^k bani - O.JIJ 

S    ■ tube sensitlvlly near 3911* I (A/w) 

Cata and croaa sectionc are presented below fc   en- 

ergy-dependence measurements with two photometers. 

For observations with photcmeter No.  1, 

R - 51.0 cm 

N - P (> Hg)  x 3.22 x 1013 

tJ, m 2.15 cm 

A - 0.1008 cm8 

S.   - 1.51 x 103 AA' at 591,♦ k (60975 #25873 at 
*•      -.00 v) 

Q (cm»)- t ^ jfe x 5.95 x 

Results are shown In Table I. 

10' -is 

pressure   - 0.5 n Hg, the collector cup bias was var- 

led from 5 to 21} eV.    No change In 5911*.^ light 

output was observed. 

For observations with photometer No. 2, 

R ■ 71.8 cm 

N - P (u Hg)  x 5.22 x 1013 

M m 2.56 cm 

A - .CÄ95 cm2 

S.  ■ ^O"? A/W (6097s #1671*7 at 750 vj 

Q icm2). Tsrrbx 4-50 x 10' 11 

Bt lults are shown in Table II. 

Table H.  Energy Dependence of 39l4-i C-oes 
Sections with Riotcsneter No. 2 

Electron 
Energy 

(eV) 

Nitrogen 
Pressure 

P(H Hg) 

Beam 
Curreat 

KmA) 

Tube 
Current 

i(i0-loA) 

Cries 
Sections 

QUO'17 cm2) 

95 O.Wt O.05Ö 0.091 1.55 

196 o.w» 0.170 0.227 1.30 

599 OM 0.58 0.377 0.9Ö 

501 0.52 0.80 0.81 0.84 

Coa 0.4A 0,43 0.52C 0.75 

907 O.ItU 1.01 0.57 0.55 

1211 O.Wt c.oe o.<* o.i»5 

1516 o.w. 2.02 0,30 0.59 

1820 o.w» 2.50 O.Sit 0.33 

2023 O.W» 3-02 0.97 0.51 

Able I.    Energy Dtpendence of 391'*-^ Croes 
Sections with ffcotoneter Do. 1 

Electron    Nitrogen 
Energy      Pressure 

Beam       Ti'be Croes 
Current Cvxrent       Sections 

(eV) p^jal I(mA) '{10'9A] 

0.121* 

Q(10-1T
an

8 

95 O.075 I.48 

196 OM 0.215 0.525 1.36 

50\ O.IA O.605 0,60 0,89 

9a,- OM 1.06 0.68 0.57 

iaeo oM 1.65 O.65 O.31* 

Using pliotaneter No.  1, the 391'*-^ light output 

from 90r-eV electrons was observed while pretsure 

was held at O.ll* u Kg and the gas flow rate was var- 

ied by flrat fully opening the exhe'jst val«, then 

eloair^ Jc wtil Vtm 0-rlng»    ouched the sealing 

aurface,    The excitation cross section did not 

chenff- •    At electron eiergles of 197 and 907 «V, anl 

With photcneter No. 2, pressure dependence was 

observed at electron energies of 196, 501,  907, end 

1Ö20 eV.    Light output was proportional to Na pres- 

sure over the range 0.1 to 1.0 \x Hg. 

Spectrometer Measurements 

WJ "-h beam current and pressure held constant, 

the signal from the photomultipller tube at the exit 

slit was recorded, while the spectrometer scanned 

across the 39l'»-i bK..?.    Though the rotational lines 

were not reserved,  the band contours appeared "nor- 

mal," i.e., about as expected for thermel equilibri- 

um near room tenperature.    l^e 568I»~A  (1,1)  first 

Motive bind is resolved, and appears to be ~ 5^ 

erf the 591'»-^ bi.id intensity.    Its contribution to 

the photone+T signals must be less than 1^. 

Tiie photanultlplier signal,   integrated over 

wavelength across the band,  can be related to the 

8 



excitation croea section lay the equation 

4TT J 
q.. \hu «■ «2^ 

IKB^T, Rx   Wnwx 

vhere I, N, E^, and 1,, teve the uoe eignifloenoe u 
above, aal vhere 

J m apectraneter signal integrated o»er the 
ba:ü (A-A) 

i, ■ L'   * spectrometer Benaltivlty, as ohown in 
h. nn    Fl«. S. 

Rx - distance, beam to mirror ■ 78.5 en 

Ra ■ distance, mirror to slit ■ 26.5 a 

W . W? a entmnce and exit slit widths in the cali- 
bration - 100 n 

W . W   ■ slit widths in the observation ■ 100 U or 
n     x     200 M 

Results of the spectrcnter dbservatlona for thr 
3914-1 band are ihcwn in Table TTT,    far these db- 

servatlow 

B, 
A 

-   3.17 eV, 

Wn'Wx -   200 u. 

and 

-   2.82 x 10"* 

de cross section 

Q 
J (A-A) 

1 (A) r (M) 
x 3.52 x lO"" (ca"). 

■Able III. Energy Depetüence of the 39ll*-i Band 
Croas Sections with Scamiing Spectmeter 

Electron   Nitrosen 
Energy     Pressure 

Beam Cross 

(eV) 

Integrated 
ressure   Current       Signal        Sections 

95 o.i»3 O.070 1.26 

196 0.50 0.21 3.72 

501 0.1*3 0.55 5.82 

907 0.43 1.56 9.06 

1820 C.50 2.55 11.50 

2023 0.U3 2.19 7.92 

1.50 

1^5 
0.86 

0.51* 
0.32 

O.JO 

With tli: E canning apectraneter, the dependence 

on beam current of the integral over the 391^*^ hand 
was observed for 907-eV electron energy and O.5641 

pressure.    The band Intenalty was proportional to 

current   . -m 0.02- to 2.0b.mA beam current. 

At the same energy (907 eV) and pressure 

(O.56 |i), the croas section« tor other v' ■ 0 fe 

Tlrat negative bands were determined.    Ttoey are:     > 

(0,1)    Ki7& I 1.3 x 10"" CB«, 

(C.2)   1*709 k l*.l x 10 ^ cm", 

(0,3)    522ß i 7.0 x I0"ao es^. 

SuBMury and Canmants 

The pressure and current dependence Indicate no 

appreciable contribution frcn secondary processes. 

There is no indication In the spectral observations 

of a contrlbvtion at 391'* A die to fe&tures other 

than the (0,0) band.    Die relative emission probabi- 

litles of the (0,0),  (0,1),  (0,2), and (0,3) bandr, 

measured primarily as a check on the spectrcneter 

calibration, were 1.00, O.53, O.O75, and 0.013,  la 

agreement with values at    .00, O.35,  0.08, and 0.01 

derived fron the data of WMlaoe and Nicholas.10 

The electron '.> ttation »oss-sectlon data for 

the 39ll*-i band of the V. first negative system are 

collected and averaged in Table IV. 

Table Itr.   3911»-A Band Electron Excitation 
Croaa Sections (10"17 cm8) 

Electron 
Energy 
m.. 

Phoioneters 
Bo. 1 lb. 2 Spectrometer Average 

95 1.1*8 1.53 1.50 1.50 

196 1.3^ 1.30 1.25 1.50 

399 O.98 O.98 

501 O.89 0.81* 0.86 0.86 

602 0.75 0.75 

907 0.5. 0.55 0,51* o.^s 
1211 0.1*5 0.1*5 

1516 0.39 0.39 
1820 0.31* 0.33 0.32 0.33 

2023 0.31 0.30 W.31 

It Is worth mentioning that initial values, which 
received limited circulation in a prellmlnai'y re- 

port, were about 15$ higher than those presented 

here.   The difference was eviiently due partly to a 

poor photometric calibration in the initial measure- 

nenta, but " 5$ contribution was due to light scat- 

tered fron the slit body of an   ^.traviolet spectrom- 
eter. 
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Ste agreement amotig the Uj-ee sets  ot values 

in 7»ble IV la better  ".an tiiat of all numbers bb. 

tained.    Maxirtm "seetter" in measurements (includ- 

ing pressure ami current dependence) vith all In- 

strirents vas about ± 10^ of the average values 

uhovn.    Ths absolute accuracy estimated for the 

measurement of 39liu.u band intensity is i 6%    The 

same accuracy is claimed for the pressure measure- 

ment,    TJie beam current ie thought to be accurately 

neasured to within ± 2^ for electron energies above 

200 eV, i 1»^ near 200 eV, and ± 6^ near 100 eV.    A 

conservative estimate for the naximun uncertainty is 

thus i 20^ below 200 eV arai ± 15^ above 200 eV. 

Comparison with Other Experlaenta 

TSie ratio of the rfe tot«-ionlzation cross sec- 

tions to the 59i1t "• cross ar   .xons is of some inter- 

est,    ISiis ratio is thought to be constant over a 

wide energy range.    Other cross-section measurements 

indicate neaily constant ratios within various ener- 

gy intervals ranging from JO e/ to 20 keV,5'7"9'13 

thiugh the actual magnltud- of the ratios depends on 

which set of ionlzation anf excitation cross sec- 

tions aiv used. 

In ISable V,  the ratios of Ife lonlzation cross 

sections of Täte and Smith17 (IB),  Rapp and England- 

er-Oolden16 (.C),  and Sohrair,, de Heer, van der Wiel, 

and Kistemaker19 (SK«) to the 591^-Ä cross sections 

from Able IV are shown.    The excitation and lon- 

lzation cross sections arc in constant proportion 

within about i 5^ over the range 100 to 2000 eV, 

Provided the proportionality extends to higher ener- 

gy,  one can cctnpare the excitation cross sections in 

3»ble IV with others obtaimd at higher energy by 

comparing their magnitudes relative to the lonlza- 

tion cro&s sections. 

Ratios such as those In Wble V are sometimes 

used, with the average electron energy loss per ni- 

trogen ion (genrrally taken as 35 »V) to calculate 

efficiencies for the production at 391'*-*> photons 

when energetic electrons "run down" in nitrogen or 

air (see, for example, Refs, 9 and 12).    Miking the 

usual assunptlone,  values obtained for the 591'*-»» 

efficiency in air baaed on averapes in Able V are, 

reupecLtvely, 3.8 x 10"3 (TB), h.Z x io"3 (HE), and 

Ihblc V,    Ratio of Ife 'Patal lonlzation Cross Sections 
to 391l*.jv Excitation Cross Sections 

Ratio 
Energy 
(eV) IB17 RE18 SHWK19 

95 19.2 16.7 

196 19.7 17.6 

399 18.6 16.9 

501 18,1 16.9 

602 18,3 17.2 15.3 

907 17.6 15.3 

1211 15-1 

1516 14.6 

1820 15.2 

2023 14,8 

Averages 16,6 17.2 15.0 

4.8 x 10"3 (SHWK).    The mean is 4.3 x 10*3 which may 

be ccmpared with the value 3.4 " 10*3 measured by 

Hartoan and Koerlln10 at this laboratory and recent- 

ly confirmed by Hsrtaan.lx   One may note also that 

a most probable 3914-A fluorescence efficiency of 1^ 

was derived by Bennett20 and Hoerlln21 from observe, 

tions of the emission produced by x rays from high 

altitude nuclear explosions. 

33° calculation for the efficiency derived 

from laboratory dsta uses measured values of lon- 

lzation efi'iciency and lonlzation cross sections, 

as well as the 5914-« excitation cross sections. 

all of which have some uncertainty.    It is based on 

the assumption that the ratio of the nuniber of 

nitrogen ions to the number of 3914-" photons pro- 

duced Is Independent of the energy of exciting 

electrons over the important energy range.    Uhlle 

one muet therefore not give too much weight to the 

calculated efficiency,  it is In fair aiyeement 

with the efficiency roeasurjd in the laboratory. 

With sott.- reservation,  this may be taken as a con- 

firmation that in the laboratory efficiency exper. 

iment    each excitation of the parent state of the 

3914-" band is produced by a single collision of an 

electron with Ife in the ground state.    With similar 

reservation,  one may conclude that the efficiency 

In the high altit  ".e explosione is higher due to ex- 

citation by other procesjes.    This is presumably 

because such a large air mass is excited by the 

explosion and because so much energy is deposited 

10 
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Tig. 3.   Ccmparlson of 39lfc-i excitation cross sections with those reported ty others (Rsfs. Z-k, 6.6). 

so rapidly that other processes are moors iapurtant 

than In the laboratary ezpertnent. 

Obe 591U-A cross sections are compared with re- 

sults of other cross-section neasurenents In Fig. 3. 
The agreement with Srlvastava and Mlrsa7 is good; 

the difference Is less than 15$ Ir. the ccmaoi: energy 

range.    B» agreement with MeConkaor and Lstlaar6 la 
very good in the narrow rang» of overlap.   The later 

work of McConkey, Woolsay, snd Burn«8 is also In 
good agreement with ours.   The dlfferenee between the 

present results ard those of Stewart;8 Sheridan, 

Oldetberg, and Carleton;3 and »ysNawa and Hlshlmuia* 
is considerable.   Our values am greater by ratios 

of 1.5 to 5. 

Published cross sections of Davidson and O'lbil9 

are In agreement with Sheridan et al.,3 and, by in- 

ference, also in disagreement witli the values in 

Uble IV.   Results of s recent measurement by O'lfcll 

end Oarleton will be discussed briefly In the next 

section. 

gross CbscXs 

After our initial msasuraaaiito, the dlsagrea- 

ment with the early work was discussed with Dr. 

N. P. Oarlaton of the Smithsonian Aatropfcysloal Ob- 
servatory, who participated In oto of the earlier 

ezpertaSBts.3   It was partly because of his sugges- 

tions that additional photaneter calibrations were 
performed snd spectraneter measurements were made. 

He also suggested that we compare egulpiient in the 

hope of resolving the difference In our results, 

Mr. R. O'Hell of American Science and Engineering 

expressed Interest in an exchange for similar res- 
sons.    After -l-.he neasurenents described abov», Joint 

cross-check neasurenents with O'Hell and Oarleton 
were undertaken, 

Oarleton and O'Rell ascertained that their ?a- 

dlonetry standards were In agreement, and compared 

pressure gauges.   O'lfcll visited IASL bringli« 

Rarleton's Pixanl gauge, an IBS-calibrated jyrcn- 

eter used at ASE, scma small standard apertures, 

and a photoaultlpllar and Wlk-k Interference filter 

to construct a phctometer.   We cooperated in the 
foLLOwlng •aeasuremeata. 

U 



The Plranl gause was calibrated with our McLeod 

(jr.uge «t 5.19 «nd 1.59 kl Hg. The two previous cali- 
br»tlone of the gai^e in Massachusetts had indicated 

pressures 4^ and 10^, higher (O'Nell) atd 13* and 19* 

higher (Carleton), respectively, than the McLeod 

The pr/rooeter was checked against our bright- 

ness temperature standard lamp G-2515?a (the lamp 

used I« the spectrometer calibration).    For read- 

ings in the range 2100 to 2400° K, the pyrometer con- 

slsteatly indicated temperatures 10° to 15° higher 

tbin those derived fron the lanip calibration, cor- 

responding to 8 to 12* higher radiance at 391^ Ä. 

In O'Neil'ti photcmeter calibration method, the 

3914-A photometer looks at a snail aperture of known 

area, behind which is the ribbon filament of a tung- 

sten lamp,    lbs filament temperature is measured by 
the pyrometer, and the radiant flux at the photcm- 

eter Is calculated.    From the photometer signal and 
the filter transmission, the sensitivity for the 

5914-Ä band is determined.   A similar calibration 

was perfonned for photaneter No. 1 and 0'Nell's 
photaneter, except that the lamp temperature was de- 
termined by setting the current.    The calibration 

was based primarily on measurements at 2200° K 

(brightness).    The sensitivity of the tube in pho- 

tometer No. 1 was 1.37 x 103 A/W at 3911* K J-n good 
agreement with the value of 1.31 * 103 A/tf obtained 

by another method. 

The two photometers were ueed to make a 391^-A 

cross-section measurement at 907-eV electron energy, 

and 1.39 u pressure (determined by setting an loni- 

zation gauge at the reading recorded during the Pl- 

ranl gauge calibration).    Results with the AS£ pho- 

toneter and photaneter No. 1 were, respectively, h,6 

x IO'10 an2 and U.9 < 10'18 sffl2, using the calibra. 

tlons Just obtained.    Using the original calibration 

of photometer No.  1, the cross section would be 5.1 

x 10'le on2.    Itoe LASL average value at 907 eV is 

5.5 x 10'xo an2. 

Apparently,  If the Plranl gauge with the ASE 

calibration had been used to measure pressure, and 

the nyroneter had been used to measure temperature 

in the photometer calibration, the ASE photcmster 
would have indicated about the same crw,<i section if 

4.6 x I0'le cm2; thus, the difference in cross sec- 

tions should indicate the net difference Introduced 

by radlcmetry and pressure-gauge calibrations at 

IASL and ASE,  no more thnn 10 to 15*.    The pressure- 

gauge calibration might explain a difference of 20* 

between our results and those of Carleton. 

O'Nell ard Carleton22 have recently made obser- 

vations on the 3914-A emission produced by &• and 
50» keV electrons.    Further observations are neces- 

sary to reach firm conclusions; however, these pre- 
liminary measurements indicate cross sections appre- 

ciably higher than those obtained in the older roets- 

uremento with the same electron energies,5'3 and 

more nearly consistent with cross sections measured 

here at lower energies. 

CONCUBKirB 

The IASL meesurements, together with thoee of 
Srivastava and Mirza,7 McCcnkey et al,,0'8 and the 
observations of O'Nell and Carleton,32 provide con- 
siderable evidence that the 3914-A electron excita- 

tion cross sections are higher than the values ob- 

tained in the earlier experli^ents.2"5   The reproduci- 
bility of results obtained here under a variety of 

conditions, and using different photcmetric tech- 

niques, allows some confidence that the crojs sec- 

tions presented are correct within the quoted accu- 

racy. 
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